We present the results from the RHOMA2011-LEG2 campaign that took place in the eastern Gulf of Lion from 7 to 17 Oct 2011 and combine them with remote sensing observations and results from a 3D coupled hydrodynamic-biogeochemical model to study an intrusion event of the Northern Current (NC) onto the continental shelf in the Gulf of Lion (NW Mediterranean). Our analysis shows that during the intrusion, the previously upwelled nutrient-rich water present on the shelf is replaced by warmer and mostly oligotrophic NC water within a matter of 2-3 days. This has a marked impact on the local biogeochemistry in the Gulf with pre-intrusion Chl-a concentrations in the surface layer of over 0.5 mg m−3 dropping to near the detection limit within less than 72 h. The intrusion event leads to a dramatic albeit short-lived regime shift in the limiting nutrient for primary production: prior to the intrusion most of production on the shelf is nitrogen limited while the intrusion induces a shift to phosphorous limitation. The relatively high frequency of occurrence of these intrusions in combination with their impact on the local ecosystem make them primary targets for future study.
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NC also becomes baroclinically unstable and produces important mesoscale meanders which 64 can penetrate onto the GoL shelf [Millot, 1999; Petrenko, 2003; Rubio et al., 2009] .
65
These intrusions of the NC can occur at various places along the shelf. Most 66 frequently, they tend to occur at the eastern entrance to the Gulf [Petrenko et al., 2005] and at 67 the center [Estournel et al., 2003 ], with more rare occurrences at the south-western side 68 [Petrenko et al., 2008] . Using data from 12 coastal cruises, Gatti Mistral events [Millot and Wald, 1980] , episodes of inhomogeneous Mistral, or periods of 81 easterly winds [Petrenko, 2003; Petrenko et al., 2013] . NC intrusions onto the shelf have also 82 been linked to the strength of density stratification and the pycnocline depth with the NC 83 splitting into a main and a northern branch, the latter creating an intrusion if the stratification 84 is strong and shallow [Echevin et al., 2003; Petrenko et al., 2005] . However, other studies 85 showed that intrusions at the eastern entrance to the GoL could occur independently of 86 M A N U S C R I P T
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Here we explore the impact of intrusions by the Northern Current onto the eastern 116 GoL shelf area, just after an upwelling event, focussing primarily on the effect on the local 117 biogeochemistry. This is achieved through combining results from a 3D coupled collected with a 300 kHz ADCP mounted on a towed fish that was suspended from the 137 vessel's side at a depth of between 1-2m.
138
These in situ data were combined with remote sensing observations of sea surface 139 temperature (SST) and of ocean colour. The SST information was taken from the Level 3 M A N U S C R I P T
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SST multisensory products available from the MyOcean database (dataset: SST-141 EUR_L3S_NRT_OBSERVATIONS_010_009_a). These data come at a horizontal resolution 142 of 0.02° and are typically collected at night to reduce potential errors due to the skin effect. In 143 an attempt to further control the skin effect we used mooring data from the "Le Planier" 144 mooring at (43.21°N, 5.23°E) to calibrate the satellite SST. The average offset between the 145 mooring and the satellite derived SST during our period of study was +1°C which suggested 146 that some skin effect remained which we subtracted from the satellite data. Each SST pixel 
149
The ocean colour data originated from the MODIS platform and were processed using 150 the OC5 algorithm [Gohin et al., 2005 ] to obtain chlorophyll-a concentrations (Chl-a 
180
For all satellite/model comparisons, the satellite data was interpolated onto a 181 horizontal 400×400m grid to match the model resolution. The mass budgets were calculated, 182 based on equations 3 and 4 from . 
Results

184
The wind pattern during the study period is characterized by a 1-week period of where the upwelled water can be identified from the relatively cold water all along the coast. 
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By 18 October 2011, the westward progression of the velocity maximum had 
Vertical sections along 5.25°E show how the intrusion affects the entire water column which had been upwelled prior to 13 October, with warm water from the NC (Figure 5a, b) .
254
At the same time, the deep chlorophyll maxim that was present on 13 October has also been 255 
Figure 5: Vertical sections along 5° 15' E on 13 Oct (post-upwelling/pre-intrusion) and 16 Oct (mid intrusion) showing (a,b) water temperature in °C; (c,d) chl-a concentration in mg m
: Mass budgets for (a) total carbon, (b) total nitrogen and (c) total phosphorous for the coastal zone box shown in Error! Reference source not found.b and the period covering the upwelling (7-13 October) and subsequent intrusion of the Northern Current. The curves show cumulative changes in total mass (depth integrated) relative to 7 October 2011; hence absolute values are not representative of the instantaneous state of the system but show the accumulated change relative to day 0, while the gradients give an indication of instantaneous changes (fluxes). The curves represent changes in the total mass budget (TOT) due to losses/gains through the open boundaries (OB), input by urban rivers (UR) and atmospheric deposition (ATM), as well as changes due to biological processes (BIO).
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Current. This can be seen from the rather steep gradients between 14 and 16 of October. The led to a marked change in the temperature structure on the shelf, replacing the previously 292 upwelled nutrient-rich cool water with warmer oligotrophic water from the Northern Current.
293
The effect was so dramatic that within only 2-3 days the entire region had its surface it would replace about 20-25% of the on-shelf water north of 43.1°N and east of 4.6°E.
303
Considering the speed with which the temperature and Chl-a structure on the shelf changed Figure 3f) , these values may only be slightly too high.
311
It is difficult to generalize the effect that such an intrusion would have on the dropped to values of less than 0.2 mg m -3 throughout the eastern Gulf within a matter of 2 to M A N U S C R I P T
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shelf water quickly became oligotrophic with traces only of some recycled nutrients 326 remaining at depth (Table 1) . that was caused by that intrusion was the introduction of offshore fish species and toxic 362 phytoplankton species onto the shelf.
363
All these studies compared the effect of intrusions based on observations that were 364 sometimes as far apart as 1 year [Chen et al., 2000] . In contrast, the present work examined - suggest that these intrusions are not only frequent but also rather large in terms of horizontal 384 fluxes, and thus capable of inducing frequent and significant changes to the GOL ecosystem.
385
Further observations and modelling efforts are urgently needed in order to fully describe 386 these processes and their impact on the ecosystem in more detail. 
